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Today computing coarse correlated equilibria with until

dynamics online learning

Def Let o be a distribution over S Exkx x Sk

Then o is a coarse correlated equilibrium if

ECC s E E c s i s Dieck Ksies
s o s o

Detontomlinelean

Multi armed bandits

Action set A camel

At time t 1,2 T

Algorithm picks distribution pt over A

Adversary picks cost vector Ct A 710,1

Action at pt algorithm incurs cost at

Algorithm learns either at bandit setting

or th fact experts setting



Goal for algorithm minimize total cost

Need to be a little more careful about adversary

Def An adaptive adversary takes as input

1 Algorithm A 2 time t

3 distribution p p opt produced by A
4 Realized action a ah at from past

and output costs et A oil

Def An oblivious or non adaptive adversary is

is an adversary that depends only on A and t

Equivalent fixes cast functions at beginning knowing A

Surprising not much difference in what can be achieved

for us care about adaptive adversaries

mostly analyze oblivion for simplicity

details in textbooks



Thy No algorithm can be competitive with the best

action sequence in hindsight adaptive adversary

PI Let IAFL

Adversary If ptco h too I I O

If pt 1 I 01 0 1 I

at every time t algorithm has expected cost 2

expected cent of algorithm is 2

But there is some sequence of actions with

total cat o

New benchmark not best action sequence but

best action

Def The regret of an action sequence aid a at

with respect to act is

Rica Éclat tealI



Def If A is an online learning algorithm then

its expected regret at time T with respect

to act is

E Rica I IIE Catlat Eietal

Def Algorithm A is a no regret algorithm

or ha no regret if for every adversary

for every at A

lim ELR Cal 0 or ECR a OLD

Amazing fact no regret algorithms exist and are

pretty simple



Relationshiptogametheap

Can model playing a game as online learning

Particularly attractive if player does not know

details of game

Suppose you're player i play gene T times

Think of other players mixed strategies as adversary

At time ti

every player jti chooses some mixed strategy

pit over S

define it a E
a pt

i ayah hi ya Gita an

Viti
T t

game cost us players
leaningeast

possibly unknown to player

Could use a no regret algorithm to choose pit

Note adversary is adaptive

Informal claim Rational way for players to act



Connectiontoequilibria
i

Lame with k players cost functions i S o

Play T times

player i use algorithm Ai

Let pit be mixed strategy used by player i at time t

Let o II pit be protect distribution our S induced

by individual player distributions

Let o I É
t
be average distribution

Interpretation sample t uniformly from T then

sample from ot

note not protect distribution

for each ieCk te CT and at Si let

tca E C
snot

s i a

note E Citta E fall s i all
a pit a pit

E Le
snot

s



Thy Sps that El Rfi a E Wieck Gatti

Then O is an E approximate coarse correlated equilibrium

1 Cics E E Ceilings't te titch Isles
s o

Interpretation average distribution converges to a Ccf

empirical distribution of play converges to a Ccf

PI

E Cics Ellice i s wat t should
no

É Follies F It Cics i sit defeo

I É É Ce att E cites d total

ECR si def of regret

E e


